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Available online 8 May 2015AbstractObjective: To understand the imaging demonstrations of AIDS complicated by Toxoplasma gondii infection in cervical spinal cord.
Methods: A total of 3 cases AIDS complicated by Toxoplasma gondii infection in cervical spinal cord was retrospectively analyzed for their
imaging demonstrations. All received plain MRI scanning of cervical spine and its enhanced scanning. Additional examinations of MRI plain
scanning of head and chest and their enhanced scanning were performed for 1 case. Toxoplasma gondii antibody detection found two cases with
positive Toxoplasma gondii antibodies of both IgA and IgG, one case with negative Toxoplasma gondii antibodies of IgA but positive IgG. The
post-therapeutic reexaminations found obviously shrunk foci in 2 cases, disappeared foci in the other. One case had multiple foci in different
regions while the other 2 singular only found in cervical spinal cord.
Results: By MRI plain scanning, the spinal cords were found thickened and swollen and the foci demonstrating low T1 and low T2 signals. In
addition, the surrounding edema demonstrated long strip liked high T1 and high T2 signals. By enhanced MRI scanning, the foci demonstrated
ring shaped, spiral shaped or target shaped enhancement.
Conclusions: Cases of AIDS with intracerebral and/or intra-spinal multiple foci as well as findings of ring shaped, spiral shaped or nodular
shaped enhancement by enhanced MRI scanning highly indicate the diagnosis of cerebral and/or spinal infections. Findings by MRI scanning are
characteristic rather than specific. MRI is an effective way for the diagnosis of cerebral and/or spinal infection of toxoplasma gondii.
© 2015 Beijing You’an Hospital affiliated to Capital Medical University. Production and hosting by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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may cause a series of opportunistic organism infections, para-
sitic infections, infarction, hemorrhage and neoplasms, followed
by fatal syndromes. As we know, Toxoplasmosis of central
nervous system is commonly seen in patients with immunode-
ficiency [1,2]. Cerebral and/or spinal infection of toxoplasma
gondii is a people zoonosis extensively infected by various
species of mammals. Toxoplasmic encephalitis commonly oc-
curs in AIDS patients with frequent recurrence, even with sub-
sequent serious acute infections.However, spinal cord infections* Corresponding author.
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the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).or simultaneous multiple cerebral and/or spinal involvements
have been rarely reported. To get a further knowledge aboutMRI
demonstrations of AIDS complicated by cervical spinal
infection of toxoplasma gondii, the MRI demonstrations of this
group was analyzed and evaluated. And the clinical value of
diagnostic imaging onAIDS complicated by Toxoplasma gondii
infection in cervical spinal cord was assessed.
1. Materials and methods
Totally 3 cases of AIDS complicated by cervical spinal
infection of toxoplasma gondii were recruited as the subjects
who paid the visit during Feb., 1998 and Sept., 2006 and
definitely diagnosed by Center for Disease Control (CDC).
They were all male patients, with their ages ranging from 24. Production and hosting by Elsevier B.V. This is an open access article under
Fig. 1. MRI for a AIDS complicated by cervical spinal infection of toxoplasma
gondii.
Fig. 2. MRI for a AIDS complicated by cervical spinal infection of toxoplasma
gondii.
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cases and sexually transmitted for the other and their disease
course ranged from 1 year to 3 years. The symptoms, neuro-
logically, were headache and memory regression in all 3 cases,
gait instability and blury vision for all 3 cases and uncon-
sciousness during the clinic visit for 2 cases. Focal symptoms
included hemiparesis, defective coordination, sensory
disability of half-body and aphasia. Toxoplasma gondii anti-
bodies of IgA and IgG were detected by Western blotting in
Yan'an Hospital, Kunming City of Yunnan Province and
People's Hospital of Hezhou City, Guangxi Zhuang Autono-
mous Area. CD4þ lymphocytes count was detected in CDC of
Yunnan province and People's Hospital of Hezhou City,
Guangxi Zhuang Autonomous Area. Totally 2 cases had pos-
itive findings of both antibodies and the other having negative
IgA findings and positive IgG findings. All the cases received
immunological and therapeutic diagnosis.
The criteria for clinical diagnosis included clinical symptoms
of psychiatry and neurology; laboratory CD4þ lymphocytes
count being less than 100 cells/ul; slightly increased leukocytes
in cerebrospinal fluid; serum positive findings of Toxoplasma
gondii antibodies (IgA and IgG); therapeutic diagnosis; cere-
brospinal puncture for biopsy and histopathological examina-
tions. The methods for examination were MRI plain scanning
and enhanced scanning for all 3 cases, 2 with Simens Magneton
superconductive 1.5Tmagnetic resonance imaging system inSE
sequence, axial T1WI (TR ¼ 550 ms, TE ¼ 15 ms) and T2WI
(TR ¼ 2200 ms, TE ¼ 90 ms) with FA 90, field of vision 250,
matrix of 256 256, layer thickness of 6 mm and layer spacing
of 2 mm; coronal T1WI with layer thickness of 6 mm and layer
spacing of 2 mm; sagittal T1WI with layer thickness of 6 mm,
layer spacing of 2 mm and matrix of 256  256. The contrast
agent of IV-Gd-DTPAwas used 15ml for the diagnostic imaging.
The other case was scanned with domestically manufactured
OPER-0.35T permanent-magnet magnetic resonance imaging
system in FSE sequence, axial T1WI (TR ¼ 380 ms，
TE¼ 20ms) andT2WI (TR¼ 4000ms, TE¼ 131ms) with field
of vision 250, FA 90, layer thickness of 5 mm and layer spacing
of 6 mm; coronal T1WI with layer thickness of 5 mm, layer
spacing of 6 mm; sagittal T1WI with layer thickness of 5 mm,
layer spacing of 6 mm and matrix of 256  256. The contrast
agent of IV-Gd-DTPA 15 ml was used.
A male AIDS patient with the comfirmative diagnosis by
CDC, aged 34 years, having a history of drug abuse, suffering
from bilateral upper extremities numbness for one month;
CD4þ lymphocytes count being 57cells/ml; MRI demon-
strating thickened and swollen cervical spinal cord, low T1
and low T2 signals of the foci, strip liked high T1 and high T2
signals of its peripheral edema; Enhanced MRI demonstrating
abnormal target shaped or ring shaped enhancement of intra-
spinal foci as the arrowheads indicating (Figs. 1 and 2).
A male AIDS patient aged 36 years with confirmative
diagnosis by CDC, having a history of drug abuse and venereal
disease, suffering from bilateral upper extremities numbness
for 2 weeks; CD4þ lymphocytes count being 89 cells/ml; MRI
demonstrating local swollen and thickened cervical spinal
cords, equal T1 and slightly low T2 signals as arrowheadsindicating (Figs. 3 and 4); Enhanced MRI demonstrating ring
shaped enhancement as the arrowheads indicating (Figs. 5 and
6); Obviously shrunk foci 2 weeks after Sulfonamides medi-
cation therapy to fight against toxoplasma gondii as the
arrowhead indicating (Fig. 7).
A male AIDS patient aged 28 years with the confirmative
diagnosis by CDC, having a history of drug abuse, with
symptoms of dizziness, nausea, bilateral extremities numbness
for 2 months and atrophy of upper extremities; CD4þ lym-
phocytes count being 47 cells/ml; MRI demonstrating
abnormal nodular shaped enhancement of brain, specifically
beside the right lateral ventricle of brain (Fig. 8); local swollen
and thickened cervical spinal cord with obvious edema and
strip liked high T2 signal (Fig. 9); staged strip liked high T2
Fig. 3. MRI for a AIDS complicated by cervical spinal infection of toxoplasma
gondii.
Fig. 4. MRI for a AIDS complicated by cervical spinal infection of toxoplasma
gondii.
Fig. 5. MRI for a AIDS complicated by cervical spinal infection of toxoplasma
gondii.
Fig. 6. MRI for a AIDS complicated by cervical spinal infection of toxoplasma
gondii.
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enhancement as the arrowhead indicating (Fig. 11).
2. Results2.1. Number and locations of fociTwo cases were found with singular focus, both at the level
of 3rd-4th cervical vetebra; multiple foci were found in theother case, 1 in brain, specifically being beside the right
lateral ventrical of the brain, 2 at the respective level of
thoracic 6th and 8th vetebra, 1 at the level of cervical 3rd-4th
vetebra.2.2. MRI demonstrationsThe spinal foci of the 3 cases demonstrated moderate to
slightly low signals by T1WI with thickened peripheral
Fig. 7. MRI for a AIDS complicated by cervical spinal infection of toxoplasma
gondii.
Fig. 8. MRI for a AIDS complicated by cervical spinal infection of toxoplasma
gondii.
Fig. 9. MRI for a AIDS complicated by cervical spinal infection of toxoplasma
gondii.
Fig. 10. MRI for a AIDS complicated by cervical spinal infection of toxo-
plasma gondii.
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slightly high T1 signal and moderate to slightly low T2 signal
ring of the foci edge (Figs. 1, 3, 4 and 9); obvious abnormal
enhancement in singualr ring shape and nodular shape (Figs. 2,
5 and 6). One case received anti-toxoplasma gondii therapy
with sulfonamides medication for 2 weeks, with follow-up
Fig. 11. MRI for a AIDS complicated by cervical spinal infection of toxo-
plasma gondii.
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Another case was found to have multiple foci, including
nodular shaped enhancement foci in cervical cord and thoracic
cord (Figs. 9e11) and a ring shaped abnormal enhancement in
brain, specifically beside the right lateral ventrical with no
central enhancement, spot liked low singal area and unobvious
spacy occupying effects (Fig. 8). All the 3 cases had different
degrees of intracerebral or intraspinal tissue edema, with
finger liked or flaky high T1 and high T2 signals in the brain
and intraspinal thickened spinal cord in spindle liked high T1
and high T2 signals and with abnormal nodular, ring liked or
spiral enhancement.
3. Disscusion
The occurrence of Toxoplasma encephalitis in AIDS pa-
tients ranges from 10 percent to 30 percent, which is one of the
leading causes for death of AIDS patients. Clinical symptoms
present 3e4 weeks after the infection [1e3], about 50% with
headache, memory regression, slight hemiparalysis, defective
coordination, half-body sensory disability and aphasia [4].
Serological findings include positive IgA of toxoplasma gondii
antibody with high affinity, junction immune and low antibody
titers. The antibody, as a relatively new serum immune glob-
ulin marker, has been widely applied in the diagnosis of
chronic infections. Literature review indicated that 22 percent
AIDS cases may have the negative toxoplasma gondii IgA [2].In this group, 1 case has negative toxoplasma gondii IgA
possibly due to immunosuppression caused abnormal expres-
sion of antibody. In spite of negative toxoplasma gondii IgA,
the diagnosis of toxoplasma gondii infection could not be
excluded due to no positive bacteria in cerebrospinal fluid
(CSF) culture and shrunk foci 2 weeks after sulfonamudes
medication. By cerebral and spinal cord biopsy, it has been
reported by foreign scholars that the pathological examina-
tions may have findings of liquafied necrosis in tissues, a small
quantity of inflammatory cells infiltrate within, cystoid
Toxoplasma gondii tachyzoites in necrotic foci with particle
shapes of different sizes. Diagnostic imaging demonstrated
multiple intraspinal foci with involvement of spinal cord
corticomedullary junction area, the foci diameters ranging
from 5 mm to 20 mm with obvious surrounding edema effects.
MRI plain imaging demonstrated focally thickened and
swollen spinal cord, with foci in slightly low T1 and slightly
low T2 signals, with long strip liked high T1 and T2 signals of
surrounding edema. Enhanced imaging demonstrated intra-
spincal foci in ring shaped, spiral shaped or nodular shaped
enhancement. In this group, the all 3 cases have characteristic
demonstrations by MRI, with 1 having multiple foci at
different locations including brain, cervical spian and thoracic
spine. At the levels of T6 and T8, there are multiple nodular
shaped abnormal enhancement; at the levels of intravetebral
C3eC4, there is singular nodular shaped abnormal enhance-
ment; in the brain, specifically beside the right lateral
ventricle, there is singular nodular shaped abnormal
enhancement. Intracerebral toxoplasma gondii infection
commonly occurs as cerebral parenchymal lesions of multiple
foci with singular focus and diffuse meningoencephalitis
rarely found.
It has been generally believed that AIDS complicated by
spinal infection of toxoplasma gondii rarely occurs, with even
more rare occrrence of singular toxoplasma gondii infection in
spinal cord, while intracerebral toxoplasma gondii infection
cases are frequently found with multiple foci in deep brain.
Immunological and pathological examinations indicate that
arachnoiditis of the spinal cord toxoplasma rarely occurs
under normal immune conditions, but commonly occur in
pateints with low immunity. Literature report from foreign
countries has proved that toxoplasma gondii infection can
cause thoracic spinal cord atrophy, with consequent chronic
arachnoid adhesions, or even calcification [5]. Large areas of
spinal arachnoid calcification indicate chronic adhesive spinal
arachnoiditis [5]. For most cases of AIDS complicated by
toxoplasma gondii infection of spinal cord, the treatments are
effective, with poor prognosis and commonly occuring
recurrence [5]. In this group, characteristic arachnoiditis and
arachnoid calcification imaging demonstrations are not found,
however this may be due to the patients' chronic phase of
toxoplasma gondii infection or their toxoplasma gondii
infection being cured.
The diagnosis of toxoplasma gondii infection of the spinal
cord should be differentiated from (1) bacterial spinal cord
abscess, which has been rarely reported with sudden and quick
occurrence, resembling transverse myelitis, non-specific
10 Y.-f. Li et al. / Radiology of Infectious Diseases 2 (2015) 5e10findings by CSF and imaging demonstrations of extending
alongwith the long axis of spinal cord, whose diagnosis should
be based on the clarification of its infection causes, while
toxoplasma gondii infection of the spinal cord having chronic
occurrence, slight symptoms, positive or negative toxoplasma
antibody, no positive bacteria by CSF and imaging demon-
strations of nodular, ring liked or spiral abnormal enhance-
ment; (2) tuberculous abscess of spinal cord, which has MRI
plain imaging demonstrations of high T1 and high T2 signals,
ring liked and nodular enhancemene, spinal tuberculosis MRI
demonstrations of extensively thickened spinal membrane,
narrowed and occlusion subarachnoid, enhanced MRI dem-
onstrations of sagittally duct liked enhancement and trans-
versely ring liked enhancement, with accompanying nearby
active tuberculosis lesions to other organs and tissues, and
whose diagnosis can be defined combining with the case his-
tory and tuberculosis adjacent to organs and tissues, while
toxoplasma gondii infection of the spinal cord having MR
sagittal demonstrations of ring liked, spiral and nodular
abnormal enhancement, with rarely occurrence of streamer
liked extending along with the long axis of spinal cord; (3)
spinal metastases, which is rarely found by MRI, while vete-
bral metastases can be commonly diagnosed by MRI; (4)
spinal cord ependymoma, which grows with the spinal cord
central canal as the long axis, enhanced scanning of the tumor
being in oval shape, obvious enhancement of tumor tissue due
to its rich blood supply and damaged bloodebrain barrier,
obvious enhancement of planting foci, non-enhanced cystic
areas and clearly defined cavities; (5) star-shaped cell tumor of
the spinal cord, which commonly occurs in children and found
in thoracic spinal cord, with its systic areas in high T1 and
high T2 signals and enhanced scanning demonstrations of
slightly strengthened response, flaky or ring liked enhance-
ment surrounding the cystic areas; (6) AIDS complicated by
primary lymphoma of the brain, both of which are common
and important complications of AIDS and both invading deep
parenchymal of the brain, especially basal ganglia and thal-
amus [6], which is usually singular invading ependymal and
corpus callosum with relatively slight edema around the tumor
compared to toxoplasma gondii infection of the spinal cord,
obvious space occupying effects, enhanced imaging demon-
strations of map liked or serrated shaped enhancement and no
therapeutic response to anti-toxoplasma gondii therapies but
relievable by radiotherapy [7]. MRI diffusion-weighted im-
aging has important value in the differential diagnosis of
toxoplasma gondii abscess and lymphoma due to obviously
higher diffusion coefficient of toxoplasma gondii infection.
For the cases with MR diffusion-weighted imaging coefficient
ratio being over 1.6, toxoplasma gondii infection should be
considered for early findings of the foci. For the cases withMR diffusion-weighted imaging coefficient ratio being less
than 1.6 or 1.0, lymphoma should be considered. Lymphoma is
frequently found singular in the brain, while toxoplasma en-
cephalitis multiple in bilateral deep brain, cerebellum, brain
stem and occasional involvement to corticomedullary transi-
tion zone, with obvious edema around foci, slight space
occupying effects and favorable therapeutic efficacy after 2e4
weeks anti-toxoplasma gondii therapies. Imaging data suggest
that 14 percent toxoplasma nodules occur in the brain as
singular. Toxoplasma gondii infection of the spinal cord
should also be differentiated from other diseases, such as
tuberculosis, bacterial abscess, cryptococcus histolyticus
infection, etc, which can be achieved by combining with
clinical case history.
MRI is an effective way for the diagnosis of spinal infection
of toxoplasma gondii, which could define the location and
amount of the lesions. The definitive diagnosis can be made
combining to immunological indeces or post-therapeutic
reexamination and histopathology is believed to be the
golden standard for its diagnosis.
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